Abstract : A finite element (FE) analysis of a CT25 specimen has been achieved for three configurations of a welded structure : monometallic (base metal), bimetallic (base metal and weld metal) and trimetallic (BM+WM+HAZ). Using the RICE-TRACEY model, a void growth parameter R& has been computed for each case. The evolution of this parameter indicates clearly that the bimetallic specimen is the most h d while the monometallic case leads to conservative results. Furthermore, a crack propagation analysis, based upon a critical value of the void growth rate, has been performed. Numerical and experimental tearing rates dJlda are in good agreement but numerical J values are clearly underestimated. Concerning the trimetallic specimen, when analysing the void growth rate distribution around the crack tip, a prediction of crack propagation direction may be possible.
INTRODUCTION
The ductile tearing of welded joints is generally described using global approaches of elastic-plastic fi-acture mechanics and many results are available in the literature in terms of fracture parameters such as Eintegral, CTOD or charpy V-energy [l-31. Because a welded joint exhibits both a macro-heterogeneity (base metal BM, weld metal WM and heat affected zone HAZ) and micro-heterogeneity (coarse-grain and fine-grain HAZ), the ductile tearing study of such components is complex and the question about the validity of a global approach clearly arises [2,3, 10, 1 l ] . The ductile tearing proceeds tiom the physical mechanisms of nucleation, growth and coalescence of microcracks or microvoids. As the growth phase is essentially considered as the predominant part in the ductile fracture process, many theoretical models have been developed to predict the void growth rate [4- 81 and the development of numerical tools allows their improvement. Therefore, the local approach constitutes an alternative andfor a complementary axis of investigation. Precisely, the analysis of the deformation of a single spherical void in an infinite rigid-plastic medium has led RICE and TRACEY [ S ] to point out the exponential influence of the stress triaxiality ratio on the void growth rate parameter. According to these authors, the parameter is expressed as : -: initial radius of the void.
-R : actual radius of the void.
-o : hydrostatic stress.
-o , : equivalent Von-Mises stress.
-d S, : increment of plastic deformation. The determination of the critical value of R& corresponding to crack initiation requies both experimental measures (critical strain value) and a finite element analysis which provides the stress and strain distribution around the crack tip. The general purpose of this study is to examine the sensitivity of such an approach when dealing with fracture of welded joints in which mis-matched strengths are involved. More precisely, it seems important to analyse the effect of the HAZ on the local properties of a welded structure. Using the F.E.M., a numerical investigation has been achieved and three different configurations of a CT25 specimen have been examined ( fig. l The values of q , n and k are presented in table 2. For the base metal and the weld metal, these values are issued from experimental tensile tests performed at a temperature of 673 K, while for the HAZ they have been approximated in the following way:
-the room temperature yield stress has been evaluated from hardness measures. Its value at 673 K is determined using an extrapolation formula.
-n and k have been arbitrarly taken equal to those of the WM. For each material, the evolution of true stress as a hnction of the true strain is shown in fig.2 .
Elastic constants E and v are respectively 176. 1o3IUpa and 0. Table 1 : Chemical composition of the stainless steels (%weight). 
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The specimen which has been modelled is a standard CT of 25 mm thickness ,50 mm width and with a a/tV ratio of 0.63.
NUMERICAL STUDY
The SYSTUS [9] finite element program has been used. Large strains, plane strain situation and isotropic hardening with a Von Mises rule have been assumed in the calculations.The finite element modelling incorporates the eight-noded isoparametric element ( six nodes for triangles). The meshing consists of fine square mesh around the crack tip (0.2 mm X 0.2 mm) and relatively coarse mesh near the boundary. Because of symmetry, only one half of the specimen was modelled in the case of the monometallic configuration. The typical discretization consisted of 1954 nodal points and 618 elements. Concerning the case of the heterogeneous material (bimetallic and trimetallic configurations), the whole specimen has to be analysed. This meshing contains 1236 elements and 3857 nodes. The crack is situated in the HAZ, about 1 mm from the melting line (the width of the HAZ is taken equal to 3 mm), while it was assigned to the interface for the bimetallic specimen. The specimen loading is applied, step by step, in terms of assigned displacement.
RESULTS AND DISCUSSIONS
According to the literature [4, 6, 71, for a given element, the void growth parameter WRo is computed, using the average values of stresses and strains. Considering the trimetallic specimen, the values of this parameter corresponding to two adjacent elements on both sides of the crack tip ( as shown in fig. 3b ) are plotted versus the displacement (fig. 3a) . The results clearly show that this parameter increases more rapidly in the element laying to the B.M side. Consequently, this parameter has been determined in the above-mentionned element and the corresponding results are shown, for each case, in fig.4 .
displacement (mm)
Wgure 3 : evolution of IURO vs displacement.
The void growth parameter is very sensitive to the stress and strain distribution as confirmed by the significant difference observed in the evolution of R/Ro. As shown in fig. 5 , a plot of this parameter as a function of the J-integral lead to a similar conclusion. These results suggest the following comments :
-The bimetallic specimen gives the highest values of the R/Ro parameter, indicating that the configuration is really dangerous when over-matching is involved. In this case, the crack is laying at the interface BM-WM and the yielding process is essentially developping in the BM side.
- Figure 4 also illustrates the benefical effects of the HAZ when considering the trimetallic specimen. In this case, the R& data constitutes a lower limit because it is computed in the HAZ the yield stress of wich is approximatively twice the BM yield stress.
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CRACK PROPAGATION

Ductile crack extension
In order to improve the validity of a propagation criterion based upon a critical value of the void growth parameter, a numerical analysis of crack propagation in the case of the monometallic configuration (base metal) has been performed. The critical load corresponding to crack initiation has been determined using experimental results of a fiacture test on a CT25 specimen. As shown in figure (5-a) value is corresponding to the change of slope in the load-crack extension curve. The F.E. analysis of the same specimen gives the evolution of the void growth rate as a hnction of the applied load, in the first element in front of the crack tip and consequently allow the determination of the (R&), value ( fig.5-b) .
Assuming that the crack propagates in the plane of the initial notch, the F.E. analysis has been achieved using a node release (NR) technique -Firstly, the degree of uncertainty on the critical value of the void growth parameter.
-Secondly, it is obvious that the element size of the meshing plays an important role in the crack propagation simulation. It seems that the values we have assigned here are too large since for a constant J, the crack extension Aa, which is directly equal to the element length, is overestimated.
-Thirdly, the F.E. analysis has been achieved under the assumption that crack propagates in its initial plane. A deviation of the crack, which is often observed experimentally, involves an increase of the energy parameter J. This may be an explanation of the numerical underestimation of this parameter.
Prediction of crack propagation direction
The distribution of the void growth parameter around the crack tip is given in table 3 for the trimetallic specimen.
Assuming that crack initiation is governed by a critical value (R&),, the results summarized in fig.7 , suggesf that the crack propagation will be deviated towards the BM. Such a result is of particular interest because it illustrates the possibility to predict the direction of crack propagation when analysing the R& distribution, provided that (R&), is an intrinsic property of a given material . 
CONCLUSION
Considering the evolution of the void growth parameter for the three configurations it must be emphasized that :
-In a situation of over-matching, the bimetallic specimen seems the most h d l because of the yielding process which develops essentially in the softer material.
-Benefical effects of the HAZ have also been highlighted and adopting the softer material properties to characterize fracture of over-matched welded joints seems therefore to be a conservative approach.
A crack extension analysis based upon a critical value of the void growth parameter seems to be an interesting approach. Ours results need complementary investigations in order to confirm the meshing refinement' effects on the crack extension estimation. In the case of the trimetallic specimen, when analysiig the void growth rate distribution around the crack tip, as a deviation of the crack from its initial plane is expected, a crack extension analysis is more difficult, siice it requires a complete re-meshing &er each step of crack extension.
